In view of the analogy of an exciton, biexciton and trion to the positronium (Ps) atom, Ps molecule, and Ps negative ion, in this chapter, we review our recent works on the Ps atom, Ps negative ion (Ps À along with the dispersion coefficients for Ps-Ps interaction have been reviewed briefly. This review describes the effect of screened interactions on various properties of Ps À within the framework of both screened Coulomb potential (SCP) and exponential-cosine-screened Coulomb potential (ECSCP). The influence of ECSCP on the dipole and quadrupole polarizability of Ps À as functions of screening parameter and photon frequency are presented for the first time.
Introduction
An exciton is a bound state of an electron and a positive hole (an empty electron state in a valence band), which is free to move through a nonmetallic crystal as unit. The electron and the positive hole are attracted to each other by the electrostatic Coulomb force. Excitons are electrically neutral quasiparticles that exist in insulators, semiconductors, and in some liquids. Excitons are difficult to detect as an exciton as a whole has no net electric charge, but the detection is possible by indirect means. Excitons can be described at various levels of sophistication; among them, the simplest and intuitive pictures can be understood using the effective mass approximation. Such approximation suggests that the Coulomb interaction between an electron and a positive hole leads to a hydrogen-like problem with a Coulomb potential term Àe 2 /(4πε 0 ε|r e Àr h |). Indeed, excitons in semiconductors form, to a good approximation, a hydrogen-or positronium-like series of states below the gap. The analogy of excitons to the hydrogen atom or even better the positronium atom can be pushed further. In analog to the formation hydrogen molecule or positronium molecule, two excitons can bind to form a new quasiparticle, the so-called bi-exciton or excitonic molecule. Similarly, in analog to the hydrogen molecular ion or the positronium negative ion, it is possible to form trions which are charged excitons or bi-excitons, i.e., quasiparticles of two electrons and one hole or vice versa. Like Ps molecule or Ps negative ion, bi-excitons or trions can also form bound states or quasi-bound states from the theoretical point of view. For detail discussions, classifications, and list of references on excitons, interested readers are referred to the review book authored by Klingshirn [1] . Keeping the above discussion in mind, it would be of great interest to review our works on the Ps atom, Ps negative ion, or Ps-Ps interaction for better understanding of spectroscopic properties of excitons, bi-excitons, or trions. The study of excitons under the influence of external environments is also of great interest both from theoretical and experimental sides. In this work, we have also discussed our recent study of the proposed systems under the influence screened Coulomb and cosine-screened Coulomb potentials.
The positronium negative ion (Ps À ) is the simplest bound three-lepton system (e + ,e À ,e À ) for which the 1 S e state is the only state stable against dissociation but unstable against annihilation into photons. The Ps À has gained increasing interest from the theoretical studies and experimental investigations since its theoretical prediction [2] and discovery [3] . This ion is a unique model system for studying three-body quantum mechanics as the three constituents of the Ps negative ion are subject only to the electroweak and gravitational forces. This elusive ion is of interest in the various branches of physics including solid-state physics, astrophysics, and physics of high-temperature plasmas, etc. It is also important for workability of many technical devices, such as modern communication devices. The Ps À has been observed first by Mills [4] almost 40 years ago, and he subsequently measured its positron annihilation rate [5] . Since then, several experiments have been performed on this ion. Review of the most recent experiments can be found in the article of Nagashima [6] which also contains a large number of useful references. This review [6] also includes discussion on efficient formation of ion, its photodetachment, and the production of an energy-tunable Ps beam based on the technique of the photodetachment. It is here noteworthy to mention the accurate measurement of the decay rate [7] and only measurement of the 1 P o shape resonance of Ps À [8] . Several theoretical studies have been calculated so far on various properties of this ion, such as bound state [9] [10] [11] [12] [13] [14] [15] [16] [17] , annihilation rate [16] [17] [18] , photodetachment cross sections [19, 20] , resonance states [21] [22] [23] [24] , and polarizability [25] [26] [27] , using the numerical approaches such as the variational principle of Rayleigh-Ritz [9, 15-17, 28, 29] , the correlation function hyperspherical harmonics method [30] [31] [32] , the complex-coordinate rotation method [33] [34] [35] [36] , the stabilization method [36] [37] [38] [39] [40] , and the pseudostate summation method [25] [26] [27] [41] [42] [43] . Full list of articles can be found in the next sections. Besides such properties in the Coulomb case, several properties of the Ps negative ion have been studied under the influence of screened Coulomb potential (SCP) and exponential cosine-screened Coulomb potential (ECSCP). It is important to mention here that the study of atomic processes under the influence of screened interactions is an interesting, relevant, and hot topic of current research [44] [45] [46] [47] [48] [49] . The complete SCP in a general form can be written as [50, 51] Vr ðÞ¼
where Z, λ D , and λ A denote the nuclear charge, the screening length, and the mean radius of the ion sphere, respectively. In the limit when λ A ! 0, Eq. (1) reduces to the Debye-Hückel potential [52] . The ECSCP in form can be written as [53] Vr ðÞ¼ Ze
where μ is the screening parameter. The SCP or ECSCP occurs in several areas of physics (solid-state physics, ionized plasma, statistical thermodynamics, and nuclear physics). The potentials are also used in describing the potential between an ionized impurity and an electron in a metal or a semiconductor and the electron-positron interaction in a positronium atom in a solid [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . In the next sections, we will briefly describe the properties of Ps negative ion, such as bound state, positron annihilation, resonance states, photodetachment, and polarizability. Bound states of the Ps atom and the Ps 2 molecule and dispersion coefficients on Ps-Ps interaction have also been discussed in the next sections.
Bound states
It is well-described that variational methods are the most effective and powerful tool for studying the Coulomb three-body bound-state problem [8, 11, 12, 16, 17, 56] . From here, we will concentrate on the works based on the variational approach. As mentioned in the last section, the Ps À has very simple bound-state spectra that contain only one bound (ground), singlet state with total angular momentum, L = 0, i.e., 1 1 S state for short. To calculate ground state energy of such ion, one needs to obtain the solutions of the Schrödinger equation, HΨ = EΨ, where Ε<0 following the Rayleigh-Ritz variational method. Here, we review our works using correlated exponential wave functions. The nonrelativistic screened Hamiltonian H (in atomic units) for a system having two electrons and a positron is given by
where 1 and 2 denote the two electrons and 3 denotes the positively charged particle and |r i Àr j | = r ji = r ji =|r j Àr i |. In Eq. (6), ξ = 0 for SCP, ξ = 1 for ECSCP, and μ = 0 for unscreened case (UC).
The variational wave functions for the 1 S-state of positronium negative ion can be shown as
where the operator b P 12 is the permutation of the two identical particles 1 and 2. N B0 is the number of basis terms. The nonlinear variational parameters α (7) are generated by the judicious implementation of a pseudorandom process of the following form
[x] is the fractional part of x,[R 1,X ,R 2,X ](X = α,β,γ) are real variational intervals which need to be optimized, and p X assigns a separate prime number for each X. Quite a few theoretical studies have been performed to calculate binding energies of the proposed ion using variational wave functions (7) and the Hylleraas-type wave functions:
In Eq. (9), we also have k + m + n ≤ Ω, with Ω, l, m, and n being positive integers or zero. Detailed works in free atomic cases can be found from the earlier works [9-17, 57, 58] . In the screening environments, the ground state energy of Ps À along with the electron affinity of Ps atom has been estimated variationally by Saha et al. [57] using multi-term correlated basis sets and SCP. The bound-state properties including ground state energies, radial and correlation cusp for this ion, and electron affinity of Ps have been investigated by us [58] using SCP and correlated wave functions (7) . The bound states of Ps atom have also been described in our previous work under SCP ([59] , references therein). 
Positron annihilation
The (e + ,e À )-pair annihilation (or positron annihilation, for short) can proceed with the emission of a number of photons, for illustration, e + + e À = γ 1 + γ 2 + γ 3 ⋯ +γ K , where γ K is the emitted photons and K is the maximal number of such photons [16, 17] . Each of the annihilation processes has its unique annihilation width or annihilation rate Γ kγ . For the proposed ion, the two-photon case would be the dominant annihilation process. However, the one-photon and three-photon, etc., annihilation are possible but in smaller rates. The annihilation rates Γ 2γ , Γ 3γ , Γ 4γ , Γ 5γ , and Γ 1γ (arranged according to their numerical values) are important in applications.
Here, we mention the formula for the one-, two-, three-, four-, and five-photon and total annihilation (Γ) rates, respectively [16, 17, 58] :
where α, c, and a 0 denote, respectively, the fine structure constant, the velocity of light, and the Bohr radius and <δ 321 > denotes the expectation value of three-particle delta function. It is obtained from the expectation value <Ψ|Ψ> evaluated for r 32 = r 31 = r 21 = 0. Exploiting the results for <δ 321 > and <δ(r 31 )>, one can easily calculate the values of Γ 1γ , Γ 2γ , Γ 3γ , Γ 4γ , Γ 5γ , and Γ using the explicit relation (10)- (15) . The total annihilation rate along with the one-, two-, and three-photon annihilation rates, together with the values of <δ 321 > and <δ(r 31 )> for various Debye lengths, is reported in our earlier work. The annihilation rates obtained from our calculations [59] are in agreement with the reported results [16, 17] . Detailed calculations of annihilation rate can be found from previous articles. As mentioned above, the positron annihilation process is of great interest in several areas of physics, such as astrophysics, solidstate physics, etc. It is also important for applicability of many technical devices, e.g., modern communication devices. In this review, we cited the recent references for free atomic case. For screened interaction, Kar and Ho [58] reported the annihilation rate under the influence of SCP, and Ghoshal and Ho [59] studied the similar features under ECSCP. The annihilation rates decrease with increasing screening strength.
Resonance states
A great number of theoretical studies on Ps À have been performed in last few decades. Several studies have been performed on the resonances in e À -Ps scattering using the theoretical methods such as the Kohn-variational method [20] , adiabatic treatment in the hyperspherical coordinates [62, 63] , adiabatic molecular approximation [64] , the hyperspherical close coupling method [65] , the complex-coordinate rotation method [23, 24, [66] [67] [68] [69] [70] [71] , and the stabilization method [67, 68, [72] [73] [74] . For the recent advances in the theoretical studies on the resonances in Ps À , readers are referred to recent reviews [23, 24, 66, 67, [75] [76] [77] . Review on resonance states of the proposed ion can be found in the articles of Ho [21-24, 33, 67-71] . Here, we review the resonance calculations using correlated exponential wave functions within the framework of two simple and powerful variational methods: the stabilization method (SM) and the complexcoordinate rotation method (CRM). The variational correlated exponential wave functions for higher partial wave states can be written as 
where l 1 = iÀ(L + 1)mod{i/(L + 1)} for natural parity states, l 1 = mod{i/L}+κ for unnatural parity states, mod{i/I} denotes the remainder of the integer division i/I, N Bn is the number of basis terms, κ = 0 for natural parity states, κ = 1 for unnatural parity states, and χ is a scaling factor. Now, we would like to point out briefly the computational aspects of SM and CRM.
Computational aspect of SM
In the first step of resonance calculations using the stabilization method [37-40, 55, 67, 68, 72-74] , it is mandatory to obtain precise values of energy levels. Resonance position can be identified after constructing stabilization diagram by plotting energy levels, E versus the scaling factor χ for certain μ. A stabilization diagram for the resonance states for the 3 D e states of Ps À for certain range of energy is depicted in Figure 1 . The stabilized or slowly decreasing energy levels in the stabilization diagram indicate the position of the resonance at an energy E. Then to extract parameter (E r ,Γ) for a particular resonance state, one needs to calculate the density of the resonance states for each single energy level in the stabilization plateau using the formula
where the index j is the jth value for α and the index n is for the nth resonance. After calculating the density of resonance states ρ n (E) using formula (18), we fit it to the following Lorentzian form that yields resonance energy E r and a total width Γ, with
where y 0 is the baseline offset, A is the total area under the curve from the baseline, E r is the center of the peak, and Γ denotes the full width of the peak of the curve at half height.
We obtained the desired results for a particular resonance state by observing the best fit (with the least chi-square and with the best value of the square of the correlation coefficient) to the Lorentzian form. The best fitting (solid line, using formula (20)) of the calculated density of states (circles, using formula (18)) for the lowest resonance parameter is obtained for the first time using the stabilization method, as well as using correlated exponential wave functions.
Computational aspect of CRM
In the complex-rotation method [23, 24, 33] , the radial coordinates are transformed by
and the transformed Hamiltonian takes the form:
where T and V are the kinetic and the Coulomb part of potential energies. The wave functions are those of Eqs. (7) and (9) . In the case of non-orthogonal functions, there are overlapping matrix elements:
and 
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The complex eigenvalues problem can be solved with
Resonance poles can be identified by observing the complex energy levels, E(θ,α). The complex resonance eigenvalue is given by
where E r is the resonance energy and Γ is the width. The resonance parameters are determined by locating stabilized roots with respect to the variation of the nonlinear parameters in the wave functions and of the rotational angle θ.
Resonance states for P, D, and F states of the Ps À were reported following the abovementioned wave functions (16) and CRM [23, 24] . We have also located an S-wave shape resonances of the Ps À lying above the Ps (N = 2) threshold using wave functions (18) and (9) and CRM [78] . Later, S-wave resonance states associated with and lying above the Ps (N = 2, 3, 4, 5) thresholds are reported by Jiao and Ho [79] using the wave function (9) and CRM. We have mentioned that a 1 P o shape resonance has been observed in the laboratory [8] . The observed 1 P o shape resonance is in agreement with the available theoretical data [80] [81] [82] and the present work using correlated exponential wave functions and CRM. 
(3) a.u. and Γ = 0.00044(3) a.u. The numbers in the parentheses indicate the uncertainty in the last digits. The resonance states of Ps-Ps interaction were also studied by Ho [69] .
In the screening environment, Kar and Ho [67, 68, [72] [73] [74] investigated the effects of SCP on the S-, P-, and D-wave resonance states of the Ps À using correlated exponential wave functions, and Ghoshal and Ho [83] reported the effects of ECSCP on the lowest S-wave resonance state using the wave function (11) within the framework of SM. The resonance states have also successfully obtained using Hylleraas-type wave functions (9). Ho and Kar [76, 77] also investigated the S-wave resonance states of the proposed ion under the influence of SCP using CRM and wave function (9) . In this work, wave functions (9) with up to Ω = 21, N B0 = 1078 , were used. The resonance parameters below the N = 2, 3, 4, 5, and 6 Ps thresholds, for various screening parameters, were reported. The lowest S-wave resonances of this ion interacting with ECSCP have also been studied by Ghoshal and Ho [83] using wave function (9) and ECSCP.
Photodetachment
The photoionization or photodetachment process is a subject of special interest in several areas of physics, such as astrophysics, plasma physics, and atomic physics due to its extreme importance in the atomic structures and correlation effects between atomic electrons [16, 17, 82, 84, 85] . The photoionization processes are also of great interest due to their applications in plasma diagnostics. Photodetachment of the Ps À is also of particular interest as the experiments on Ps À suggest that the Ps could be used to generate Ps beams of controlled energy, and this will involve acceleration of Ps À and photodetachment of one electron. Photodetachment of the Ps À is also of utmost importance due to its application in propagation of radiation in our galaxy. It is well known that the center of our galaxy, the Milky Way, contains a number of sources of the annihilation γ-quanta with E γ ≈ 0.511 MeV [86] .
We reported the effect of screened Coulomb (Yukawa) potentials on the photodetachment cross sections of the positronium negative ion by using the asymptotic form of the boundstate wave function and a plane wave form for the final-state wave function. For detailed calculations and applications of the photodetachment of the positronium negative ion, interested readers are referred to the articles of Bhatia and Drachman [19] , Frolov [17] , Igarashi [82, 84, 85] , Michishio et al. [8] , Nagashima [6] , and Ward et al. [20] . Here, we outlined the computational details in brief as mentioned in our earlier work [87] and in the works of Bhatia and Drachman [19] .
In our previous work [87] , we have considered the final-state wave function of the form 
where G A is some normalization constant and γ ¼ The photodetachment cross sections (σ) having photon energy E p can be expressed as
where α is the fine structure constant and g(E)=E or E
À1
for the dipole length and velocity approximations, respectively. The operator Λ represents the position and gradient operators for the length and velocity approximations, respectively, and can be written in explicit form as
The final form of σ in terms of wavelength takes the form
and λ 0 = 911.267057/γ 2 (in Å), where ρ denotes the reduced electron mass. For the Ps
ÀÁ À1 with M c = 2. The required normalization constant has been determined in this from highly accurate, completely non-adiabatic wave functions in Eq. (7) for the three-particle systems. Similar type of work was reported by Ghoshal and Ho using ECSCP and wave function (9) [88] .
Polarizability
The study of atomic and ionic polarizabilities (both static and dynamic) plays an important role in a number of applications in physical sciences ( [25-27, 44, 45, 89-98] , references therein). When an atom or ion or molecule is placed in an electric field, the spatial distribution of its electrons experiences a distortion, the extent of which can be described in terms of its polarizability. The dynamic (dc) polarizability describes the distortion of the electronic charge distribution of an atom, ion, or molecule in the presence of an oscillating electric field of certain angular frequency. In this review, we describe the polarizability calculations of the Ps negative ion reported by Bhatia and Drachman [25] , Kar and Ho [99] , and Kar et al. [26, 27] . We also describe the polarizability calculations with SCP and ECSCP. To obtain dipole and quadrupole polarizability for the Ps À ion, it is an important task to determine precisely the energies and wave functions for the ground state and the final P and D states. The dynamic 2 l -pole polarizability of the Ps À ion in the screening environment can be written as [27] 
where
The summation in the above expression includes all the discrete and continuum eigenstates. Ψ 0 and Ψ n describe the ground state eigenfunction with the corresponding energy eigenvalue E 0 and the n th intermediate eigenfunction for the final states with the corresponding eigenvalue, E n , respectively. In the limit when ω!0, α l (ω) is the static polarizability. For precise determination of eigenvalues and eigenfunction for each frequency and for each screening parameter for a particular system, one needs to solve the Schrödinger equation, HΨ = EΨ, by diagonalization of the Hamiltonian with the properly chosen wave functions in Eqs. (7) and (10). We rewrite the explicit form of wave function in Eq. (10) for polarizability calculations of this ion as
ðÞ (33) where l 1 = iÀ(L + 1)mod{i/(L + 1)}, mod{i/(L + 1)} denotes the remainder of the integer division i/(L + 1), and N Bn is the number of basis term.
The static dipole and quadrupole polarizability for Ps À has been reported by Bhatia and Drachman [25] . Kar and Ho also reported the static dipole polarizability of this ion in the screening environments as well in free atomic system [99] . Kar et al. also reported the dipole and quadrupole polarizabilities (static and dynamic) of this ion using SCP and exponential wave functions (33) [26, 27] . The dynamic dipole polarizability of the Ps À was also studied by Kar et al. [27] in the screening environments. In this present work, we calculate the dipole and quadrupole polarizabilities (static and dynamic) under the influence of ECSCP and wave functions (33) . The polarizabilities as functions of screening parameter and photon frequency are reported in Figures 4 and 5 and Tables 1 and 2.
Dispersion coefficients for Ps-Ps interaction
Knowledge of the Van der Waals two-body dispersion coefficients in the multipole expansion of the second-order long-range interaction between a pair of atoms is of utmost importance for the quantitative interpretation of the equilibrium properties of gases and crystals, of transport phenomena in gases, and of phenomena occurring in slow atomic beams ( [93, [100] [101] [102] , references therein). The long-range part of the interaction potential between two spherically symmetric atoms a and b separated by a distance R can be written as a series with coefficients C n denoted as dispersion coefficients [93, [100] [101] [102] :
with
where 
with i = 1 for Ps and H atom. We also review here the dispersion coefficients for H-H interactions to establish a relation of dispersion coefficients with Ps-Ps and H-H interaction.
For positronium and hydrogen atoms, we have employed the Slater-type basis set:
where λ is the nonlinear variation parameters; l = 0, 1 for S and P states, respectively, and The numbers in square brackets indicate the power of 10. The numbers in square brackets indicate the power of 10. To investigate the effect on the dispersion coefficients C 6 in the screening environments, one can assume that the leading term in the Van der Waals interaction between two atoms a and b in their ground states still has a form of R À6 , as [101, 102] V ab ¼À C 6 μ ÀÁ
Here, the plasma effect on V ab is reflected on the value of C 6 , which now depends on the screening parameter μ, and is denoted by C 6 (μ). Similarly, to consider the plasma effect on the dispersion coefficients C 8 and C 10 , we assume the coefficients depend on the screening parameter μ and are denoted, respectively, by C 8 (μ) and C 10 (μ). To calculate the dispersion coefficients for the interactions for Ps-Ps or H-H interactions, one needs to obtain the energy levels for the positronium atom or the hydrogen atom in the different partial wave states with the optimum choices of nonlinear parameters. To obtain the energy levels for hydrogen and positronium atoms with different Debye lengths, we diagonalize the Hamiltonian
with the wave functions (40) . Here, η = 1 is for the hydrogen atom and η = 2 for the positronium atom. In our previous work, we have reported the C 6 , C 8 , and C 10 coefficients for Ps-Ps interactions under the influence of SCP. We have found from our calculations that the C 6 , C 8 , and C 10 coefficients are, respectively, 2
, and 2 8 times larger than the corresponding coefficients of hydrogen-hydrogen interactions [103] .
Comparison of spectroscopic properties and concluding remarks
To describe a semiconductor, one needs in principle to solve the Schrödinger equation for the problem. Depending on the coordinates of the ion cores having the nucleus and the tightly bound electrons in the inner shells and the outer or valence electrons with coordinates R j and r i and masses M j and m 0 , respectively, the Hamiltonian looks as ( [1] , Chapter 7)
where Z j is the effective charge of the ion core j and the indices j and i run over all M ion cores and N electrons, respectively. The wave function solving (43) can be constructed using all coordinates R j and r i including spins. The optical properties of the electronic system of a semiconductor or an insulator or even a metal can be understood as a description of the excited states of the N particle problem. The quanta of these excitations are known as "excitons" in semiconductors and insulators. The ground state of the electronic system for a perfect semiconductor can be described from various points of view as a completely filled valence band and a completely empty conduction band [1] . However, from the theoretical side, the wave function of the bound state for excitons is said to be hydrogenic, an exotic atom (such as positronium atom) state akin to that of a hydrogen atom or even much better positronium atom. However, the binding energy is much smaller and the particle's size much larger than a hydrogen atom or larger than a positronium atom. This is due to the screening of the Coulomb force by other electrons in the semiconductor and due to the small effective masses of the excited electron and positive hole. However, it can be understood that the Hamiltonian for an exciton can be similar to a positronium atom if one can consider units using the Bohr radius for the respective system. The exciton Bohr radius is a . In similar way, the Hamiltonian for a trion and a bi-exciton can be related, respectively, with the Hamiltonian Ps negative ion and the Ps molecule. Wave functions for a trion or a bi-exciton could be similar with the Ps atoms or the Ps molecule. So, it is expected that the spectroscopic properties of the Ps atom, Ps negative ion, or Ps molecule might be useful to understand the spectroscopic properties of an exciton, trion, or bi-exciton.
Let us describe other types of comparison with bound excitons which are well studied in semiconductor, especially in gallium phosphide doped by nitrogen (GaP:N). The role and application of bound excitons in nanoscience and technology have been discussed in the article of Pyshkin and Ballato [104] . This investigation [104] observes something like neutral shortlived atom analog-a particle consisting of heavy negatively charged nucleus (N atom with captured electron) and a hole. Using bound excitons as short-lived analogs of atoms and sticking to some specific rules, Pyshkin and Ballato have been able to create a new solid-state media-consisting of short-lived nanoparticles excitonic crystal, obviously, with very useful and interesting properties for application in optoelectronics, nanoscience, and technology. Note that such specific rules include the necessity to build the excitonic superlattice with the identity period equal to the bound exciton Bohr dimension in the GaP:N single crystal. This study [104] also reports that the excitonic crystals yield novel and useful properties. These properties include enhanced stimulated emission and very bright and broadband luminescence at room temperature. With such development of bound excitons as short-lived analogs of atoms under some specific rules, it is also important to mention here that the emission spectra of representatives of exciton and positronium negative ion families can be realized from the earlier articles [104] [105] [106] [107] [108] . These articles support the usefulness of such comparisons of spectroscopic properties of excitons and the positronium negative ion. We hope that this chapter will provide a new direction and would be a remarkable reference for the future studies on excitons, bi-excitons, or trions as well as positronium, positronium molecule, and positronium negative ion.
Finally, we should also mention recent investigations on quantum information and quantum entanglement in few-body atomic systems, including the positronium negative ion. Quantification of Shannon information entropy, von Neumann entropy and its simpler form, linear entropy, for the two entangled (correlated) electrons in Ps À , has been reported in the literature [109] [110] [111] . 
